The mating system is one of the main evolutionary factors driving the spatial and temporal dynamics of genetic variation in pathogen populations. In nature, pathogens may vary in mating systems spatially and temporally and the ability to engage in various mating systems may be a 'bet-hedging' strategy that enables pathogens to adapt better to a range of biotic and abiotic environments[@b1].

Mating systems affect the amount and distribution of genetic variation within pathogen populations. Clonal or inbreeding populations are expected to exhibit low genetic variation and a significant degree of non-random association among unlinked loci. In contrast, outcrossing populations are expected to display high genetic variation and random associations among neutral loci due to the re-assortment of unlinked genes during meiosis[@b2]. Mating systems can also affect the extent of genetic drift and gene flow in pathogen populations. Inbreeding increases the extent of genetic drift in pathogen populations, resulting from reduced effective population size, because the reproductive success of offspring is no longer dependent on the two independent alleles per locus[@b3]. Inbreeding depression may also increase the contribution of gene flow to the reproductive success of local populations if recombinants between immigrants and residents were competitively superior[@b4][@b5] while random mating generally increases effective population size of a pathogen[@b6][@b7]. Due to repeating cycles of extinction and re-colonization of local populations associated with host dynamics, chemical applications and changes in cultural practices and/or extensive trade of plant materials and agricultural commodities locally and globally[@b8][@b9], the extents of genetic drift and gene flow in the pathogen populations are expected to be high in modern agriculture.

The oomycete *P. infestans,* the cause of late blight disease, is a notorious plant pathogen responsible for the Irish potato famine in the 1840s, and is still the most devastating disease of potato and tomato worldwide[@b10][@b11], particularly in areas experiencing moderate temperature and high humidity. The pathogen can affect all parts of a potato crop, including leaves, stems and tubers. Under favorable climatic conditions, the entire potato crop can be destroyed within a few days. The annual losses caused by late blight are estimated to exceed \~\$6.7 billion worldwide[@b12]. Since 1993, China has become the world's leading potato production country[@b13][@b14], accounting for 26.3% and 22.2% of global acreage and yield, respectively[@b15]. Late blight is the main factor affecting the sustainability of potato production in this region[@b16].

Despite the existence of self-fertile genotypes[@b17][@b18][@b19][@b20][@b21], *P. infestans* is considered to be a heterothallic oomycete in which the occurrence of sexual reproduction requires the presence of two opposite mating types (A1 and A2)[@b22]. Before the 1980s, the global population of *P. infestans* outside of Mexico reproduced asexually and was dominated by a single clonal lineage of A1 mating type termed HERB-1 and then US-1[@b23]. The introduction of the A2 mating type to regions outside of Mexico[@b24] and emergence of self-fertile pathotypes in recent years in many parts of the world make sexual reproduction possible in *P. infestans* globally[@b17][@b18][@b19][@b20][@b21]. Sexual reproduction is expected to increase the genotypic diversity within *P. infestans* populations due to the continuous rearrangement of existing alleles or generation of new alleles through intragenic recombination. Regular sexual reproduction in heterothallism can also homogenize the frequencies of A1 and A2 mating types attributed to balancing selection[@b9]. However, recent surveys indicate that *P. infestans* still reproduces primarily in a clonal manner and sexual reproduction is rare[@b25][@b26][@b27][@b28] in most parts of the world with an exception in North Europe[@b29].

Although exhibiting low genetic variation overall, temporal analysis of its population dynamics indicates that *P. infestans* has high evolutionary potential in nature[@b30]. New genotypes can be generated through mutation such as transposable events and other genetic mechanisms and fittest genotypes can spread out to large geographical areas. For example, the clonal lineage HERB-1 which persisted for over 50 years and the US-1 dominating the pre-1970s collection[@b23] are rarely identified now and have been replaced by other lineages with higher aggressiveness and fungicide resistance[@b31][@b32]. A single *P. infestans* genotype called *13*\_A2 was first detected in the Netherlands in 2004 at a very low frequency[@b33]. A few years later, this genotype was detected in many European countries including the United Kingdom[@b33][@b34][@b35]. In China, one of the dominant clonal lineages is genetically similar to *13*\_A2[@b16].

Fujian is a mountainous province located in Southeastern China and is classed as a winter potato production zone. Potato in this region always rotates with rice or other non-*Solanum* crops and its production primarily relies on seed tubers imported from other parts of the country. This combination of landscape structure and production system may have important impacts on the population genetic dynamics and evolutionary trajectory of *P. infestans*. To understand the population genetic structure of *P. infestans* in Fujian and infer potential evolutionary mechanisms responsible for the structure, we performed a three-year molecular and phenotypic surveys in the regions. Therefore. The main objectives of this study are: i) to estimate genetic and phenotypic variation of *P. infestans*; ii) to investigate spatiotemporal population genetic dynamics of *P. infestans*; and iii) to determine whether sexual reproduction and genetic drift are responsible for the observed spatiotemporal genotypic diversity in this population of *P. infestans*.

Results
=======

Genotypic and gene diversity
----------------------------

Potato leaves infected with *P. infestans* were collected at random from 8 commercial fields located in Fujian Province in the early stage of epidemics during 2010--2012 ([Table 1](#t1){ref-type="table"}; [Fig. 1](#f1){ref-type="fig"}). Among 534 *P. infestans* isolates amplified with eight SSR markers ([Supplementary Table 1](#S1){ref-type="supplementary-material"}), 49 distinct genotypes were detected. Twenty-nine of the genotypes were detected only once and seven genotypes (M4, M7, M8, M30, M33, M36, and M39) were shared in populations sampled from different locations or years ([Fig. 2](#f2){ref-type="fig"}). Among the seven shared genotypes, five (M7, M8, M30, M36 and M39) are likely to be the ancestral strains ([Fig. 3](#f3){ref-type="fig"}). M7 was detected in three populations (LH, QK and XPII) sampled from 2012 and M33 was detected in three populations sampled from three different years (LY, XPI and FZ). No identical genotypes were detected between XPI and XPII ([Fig. 2](#f2){ref-type="fig"}). M7 was the most common genotype, accounting for 81.3%, 44.1% and 37.8% of QK, XPII and LH populations, respectively ([Fig. 2](#f2){ref-type="fig"}). M39 was the second most common genotype, accounting for 81.3%, 72.7% and 6.7% of XPI, CL and ZZ populations, respectively. In general, genotype richness (R) was low in all populations, with the highest genotype richness observed in ZZ (R = 0.31) and the lowest in QK (R = 0.01) ([Table 1](#t1){ref-type="table"}), and each population was dominated by 1-2 genotypes ([Fig. 2](#f2){ref-type="fig"}). A total of 30 alleles were detected over eight microsatellite loci, ranging from two alleles in locus Pi33 to five alleles in loci G11 and Pi16 ([Table 2](#t2){ref-type="table"}). The number of alleles observed among populations as an average across eight loci ranged from 1.88 to 2.63 ([Table 1](#t1){ref-type="table"}). Expected heterozygosity (*He*) was similar across all populations, ranging from 0.37 in LH to 0.46 in ZZ ([Table 1](#t1){ref-type="table"}).

Mating type variation and multilocus associations
-------------------------------------------------

Of the 534 isolates tested, 197 (36.89%) formed oospores with the A2 reference strain and were considered to be A1 mating type. The remaining 337 isolates (63.11%) formed oospores by themselves as well as with the A1 and A2 reference strains and were considered as self-fertile. No A2 mating type was detected in any of the populations from Fujian Province ([Table 3](#t3){ref-type="table"}). Multilocus association analysis indicates that all populations but CL deviated significantly from the hypothesis of linkage equilibrium ([Table 1](#t1){ref-type="table"}). The association index in QK could not be estimated due to its low genotype diversity (2 genotypes, [Fig. 2](#f2){ref-type="fig"}).

Population differentiation
--------------------------

PCA revealed that the 1^st^ and 2^nd^ components accounted for 51.60% and 36.71% of total genetic variability, respectively ([Fig. 4](#f4){ref-type="fig"}). Based on the first two dimensions of the PCA, populations from Fujian were grouped into three clusters (A, B and C), comprising 3 (LH, QK and XPII), 3 (LY, ZZ and FZ) and 2 (XPI and CL) populations, respectively ([Fig. 4](#f4){ref-type="fig"}). Isolates in cluster A were all self-fertile while isolates in Cluster C were all A1 mating type ([Table 3](#t3){ref-type="table"}). Cluster B was the admixture of both A1 and self-fertile isolates. With few exceptions, isolates from the same PCA clusters were also grouped together phylogenetically ([Fig. 5](#f5){ref-type="fig"}).

Significant difference in allele frequency was found in all eight SSR loci among the eight populations and between XPI and XPII ([Table 2](#t2){ref-type="table"}). Pairwise *F*~ST~ ranged from 0.001 to 0.310 ([Table 4](#t4){ref-type="table"}). All except two pairs (XPI-CL and QK-XPII) of *F*~ST~ were significantly different from zero. The correlation coefficient between log (physical distance) and log (*N*m) among all 8 geographic populations was 0.11, which was not significant (*P *= 0.59, [Fig. 6](#f6){ref-type="fig"}).

The analysis of molecular variance (AMOVA) performed on the eight populations indicated that 21.42% and 4.45% of the genetic variation was attributed to variations among years and among locations within year, respectively ([Table 5](#t5){ref-type="table"}). At the cluster level, AMOVA indicated that 23.98, 1.91 and 74.12% of the total variation was attributed to among clusters, among populations within clusters and among individual isolates within each population, respectively. All of the variances from the AMOVA were highly significant ([Table 5](#t5){ref-type="table"}).

Discussion
==========

Since its first report outside Mexico, the possible center of origin of *P. infestans*[@b36], the A2 mating type has been observed in many parts of the world[@b24]. Though tremendous variations exist across these studies, the frequency of the A2 mating type was generally lower than A1 mating type[@b27][@b34] with a few exceptions. In Fujian, the A2 mating was detected in the *P. infestans* populations sampled before 2007[@b37], but it seems that it was absent in this area after 2010. We did not find any A2 mating type isolates in the 534 isolates assayed. With this sample size, there is a 99% chance of detecting an A2 mating type if it has a frequency of 0.5% or higher[@b8]. Less than the expected frequency (50%) in many studies suggests the A2 mating type might have an overall lower fitness than its A1 counterpart. If the A2 mating type is linked to low fungicide resistance, lower pathogenicity or other maladaptive characters, negative selection for these ecological traits would gradually reduce its frequency in populations. Similarly, in the wheat pathogen *Zymoseptoria tritici* (*Mycosphaerella graminicola*), Zhan and colleagues assayed the pathogenicity of nearly 200 isolates sampled from four continents and found a consistent pattern of higher aggressiveness in one mating type over the other[@b38].

We found that more than two-third of the isolates in the current study were self-fertile. It has been reported that environmental factors such as the types of media used to culture *P. infestan*s play an important role in the determination of its mating types[@b39]. Oatmeal, tomato juice and V8-juice can induce the conversion of A2 mating type isolates to a self-fertile state. In our study, we used rye B agar, which cannot induce A2 mating type isolates to produce oospores by itself, to culture and determine the mating types of *P. infestans*. The self-fertile isolates detected in Gansu province, China can also produce oospores when they were inoculated onto potato leaves[@b19]. This result suggests a recent increase of self-fertile genotypes in Fujian, consistent with results from other studies in China[@b19] and other parts of the world[@b18][@b20] though we do not know the genetic, evolutionary and/or ecological causes of this increase.

Self-fertile isolates can not only produce oospores by themselves but also with the A1 and A2 isolates. It is thus expected that *P. infestans* populations from Fujian would have a moderate to high genetic variation, as reported in North and West Europe[@b29][@b40]. However, the genetic variation in the Fujian populations is low. We only detected 49 genotypes among the 543 isolates and many populations were dominated by 1-2 genotypes, suggesting that sexual reproduction (including selfing by self-fertile isolates and/or outcrossing between self-fertile and A1 isolates) might occur in the *P. infestans* populations, but its contributions to the population genetic structure of the pathogen and epidemics of late light in the region is limited.

Hierarchical analysis revealed that more than 20% of genetic variation was attributed to the difference in sampling years, while only \~5% was attributed to the difference in locations, suggesting temporal factors make more important contributions to the population genetic dynamics of *P. infestans* than spatial factors in Fujian. This pattern of spatiotemporal population dynamics in *P. infestans* was also evident by comparing the population genetic structure of the pathogen from the same location but different years. XPI and XPII were sampled from two nearby fields planted with the same potato cultivar at one year interval but high genetic differentiation in SSR frequency, no identical genotypes, and different mating types were found in the two populations.

Genetic drift in terms of founder effect combined with long dispersal ability of *P. infestans* may account for the observed pattern of spatiotemporal population structure. Agriculture is characterized by a recurrent expansion (growing season) and contraction (harvest season) of both host and pathogen populations[@b8][@b9]. With each cycle of contraction, the size of the pathogen population collapses sharply and new populations in the next cycle of expansion are usually derived from a small number of genotypes randomly surviving after the last contraction. This leads to a dramatic change in the population genetic structure of pathogens from year to year, particularly for pathogens with small effective population sizes. Due to limited number ([Table 1](#t1){ref-type="table"}) and skewed distribution ([Fig. 2](#f2){ref-type="fig"}) of genotypes, the effective population size of *P. infestans* in Fujian is expected to be small and its genetic drift caused by the seasonal population contraction is expected to be severe in this region. Fujian is located in a subtropical temperature zone with long and hot summers. Its air temperature in July and August can reach 40 °C or higher and last for several hours in a day. At the night time, the air temperature in this season usually is not less than 25 °C. Such environmental condition further escalates genetic drift in *P. infestans*, causing rapid changes in population genetic structure over time. However, due to the potential for long distance movement of *P. infestans* sporangia[@b41], particularly in areas such as Fujian which experiences many typhoons each year and the short generation time of the pathogen[@b10], the progenies of newly established founder populations may travel hundreds of kilometers away from their original location during a single season in a stepping stone event[@b42][@b43], reducing the difference of genetic structure among local populations. Indeed, the geographical distances between any pairs of populations involved in this study are less than 350 km ([Fig. 1](#f1){ref-type="fig"}) and there are no physical barriers, such as high mountains, constraining the movement of sporangia between populations. However, genetic drift and gene flow in this case may never reach an equilibrium, leading to an high estimate of population subdivision ([Table 4](#t4){ref-type="table"}).

Founder effects generated by infected seed tubers may also contribute to the observed pattern of population genetic dynamics of *P. infestans*. Most potato seed tubers in Fujian are imported from other parts of China. The seed tubers are usually purchased from different producers and their quality is regulated poorly, bringing different sets of pathogen populations from different parts of the country each year. Natural populations usually display a negative correlation between the extent of gene flow and geographic distance, defined as isolation by distance[@b44]. The finding of no isolation by distance in the current study is consistent with the hypothesis that human-mediated gene flow through infected seed tubers may play an important role in the spatiotemporal population genetic structure of *P. infestans* in Fujian.

Though dominated by self-fertile genotypes, our analyses indicate that *P. infestans* in this region mainly reproduces asexually and the contribution of sexual reproduction to the population genetic structure of the pathogen is limited. This epidemic mode of reproduction that combines many cycles of asexual propagation with fewer cycles of sexual reproduction allows *P. infestans* to preserve favorable allele combinations that are well adapted to existing hosts and environments while retaining its ability to generate novel allele combinations when hosts and environments are changing, breaking the effect of Muller's ratchet[@b45]. Mixed modes of reproduction, combined with extensive human-mediated gene flow, facilitate the generation and spread of novel virulence factors and the breakdown of host resistance. Though it is difficult to change its reproductive system, gene flow (particularly human mediated gene flow) in *P. infestans* can be regulated through good agricultural practices, strict quarantine procedures and public awareness of biosafety and biosecurity. To effectively control late blight, it is important to curb human-mediated gene flow by using clean seed and plant materials in addition to the dynamic use of resistance genes and chemicals[@b9].

Materials and methods
=====================

*P. infestans* collection and isolation
---------------------------------------

Potato leaves infected with *P. infestans* were collected at random from 8 commercial fields located in Fujian province in the early stage of epidemics during 2010--2012 ([Fig. 1](#f1){ref-type="fig"}). For all collections, infected leaves were sampled at more than 2-m intervals from different parts of a field, carefully dried with soft tissue paper, placed in sealed sandwich bags immediately and transported to the laboratory within 24 hours for isolation. Only one infected leaf was sampled from each potato plant and each infected leaf was packed in a separate sandwich bag. XPI and XPII were collected from different fields separated by \~2 km in the same village.

To isolate the pathogen, plant materials were rinsed with sterilized distilled water. A piece of tissue was cut from the margin of leaf lesion and placed abaxial side up on 2.0% water agar for 20--30 hours. A single piece of mycelium was hooked out from sporulating lesion aseptically using an inoculating needle, transferred to a rye B agar[@b46] plate supplemented with Ampicillin (100 mg/L) and Rifampin (10 mg/L) and maintained at 18 °C in the dark for seven days to form colony. To purify the pathogen, a new piece of mycelium was pieced off the colonies, transferred onto a fresh rye B agar plate and incubated at 18 °C in the dark for another 7--10 days.

DNA extraction
--------------

Mycelia (\~100 mg) were obtained by culturing *P. infestans* isolates on rye B agar at 18 °C in the dark for 15 days, transferred into sterile, 2 mL centrifuge tubes and lyophilized with a vacuum freeze dryer (Alpha1-2, Christ). The lyophilized mycelia were ground to powders with a mixer mill (MM400, Retsch). Total DNA was extracted using Plant gDNA Miniprep Kit (GD 2611, Biomiga, China) according to the manufacturer's instructions. The genomic DNA was suspended in 200 μL ultrapure water and stored at −20 °C until use.

SSR analysis
------------

Genomic DNA from each of the *P. infestans* isolates was amplified with eight SSR markers (Pi02, Pi04, Pi4B, PiG11, Pi16, Pi33, Pi56 and Pi89). Pi4B and PiG11 markers were developed by Knapova and Gisi[@b47] and Pi02, Pi04, Pi16, Pi33, Pi56 and Pi89 markers were developed by Lees and her colleagues[@b48]. Primers of the SSR markers were labeled with one of four fluorescent dyes: FAM for Pi56 and Pi89, ROX for PiG11 and Pi04, HEX for Pi02, and Pi16, and TAMRA for Pi33 and Pi4B.

PCR amplifications were performed in a 25 μL volume containing 1 μL of *P. infestans* genomic DNA (\~20 ng), 12.5 μL of 2× PCR Buffer Mix (TransGen Biotech Co., Ltd., Beijing, China), 1.0 μM each of forward and reverse primers in a 2720 thermal cycler (Applied Biosystems, USA) with the following conditions: initiated with a cycle of 2 min at 94 °C, followed by 35 cycles of 30 s at 94 °C, 25 s at 56 °C (for PiG11), 57 °C (for pi56), 58 °C (for Pi02, Pi04, Pi16, Pi33 and Pi4B) or 61 °C (for Pi89) and 60 s at 72 °C, and finished with an elongation cycle of 5 min at 72 °C. PCR products from the eight markers were mixed into two groups with PiG11, Pi56, Pi02 and Pi33 as one group and Pi89, Pi4B, Pi04 and pi16 as another based on fluorescent dyes used to label the primers and expected sizes of amplifications. Mixed PCR products, were loaded into 96-well plates and sent to Ruiboxingke Biotechn. Co. LTD. (Beijing) to determine fragment sizes using an ABI3730XL automated DNA sequencer (Applied Biosystems, Foster, California) in which a DNA size ladder was included in each of the samples. Alleles were assigned using GeneMapper software version 3.7 (Applied Biosystems).

Mating type determination
-------------------------

Mating type was determined as described previously[@b37]. Briefly, each *P. infestans* isolate was paired with an A1 tester (US970001), an A2 (US940480) or grown alone on rye B agar plates. The two mating type testers were kindly provided by Prof. Qinghe Chen in Fujian Academy of Agricultural Sciences, Fuzhou, China. After inoculation at 18 °C in the dark for 12--15 days when the colonies from testers and tested isolates were fused, a piece of tissue was picked off from the intersected edge and observed microscopically to determine the production of oospores. The isolates forming oospores with A2 tester were designated as A1 mating type. Similarly, the isolates forming oospores when paired with the A1 tester were designated as A2 mating type. The isolates forming oospores with both testers and alone were designated as self-fertile. Mating type determination was replicated twice for each isolate.

Data analysis
-------------

In analyzing the variation in microsatellite loci, most *P*. *infestans* isolates showed a maximum of two alleles per locus as expected for a diploid organism. However, for several cases, three alleles were detected in one locus. Loci with three alleles were modified to resemble diploid loci by assigning specific allele sizes and a binary representation of the presence or absence of specific alleles as described previously[@b34]. Multilocus genotype (MLG) for each isolate was formed by joining alleles at each SSR locus in the same order. Number of MLGs, was determined using the software GENCLONE 2.0[@b49][@b50]. Genotype diversity was calculated for each population using the genotypic richness R = (number of different MLGs - 1) / (total number of isolates - 1). Expected heterozygousity, observed heterozygousity and mean number of alleles (*N*~*a*~) were calculated by POPGEN v3.2.

Pairwise population differentiation (*F*~ST~) and gene flow (*N*~m~) were estimated using GENALEX 6.5. The physical distance between pair of populations was estimated using the geographic coordinates of locations from which the populations were sampled and isolation by distance was evaluated by estimating the association between the extent of gene flow and logarithm of physical distance (km) in the populations[@b44]. Genetic variation was partitioned by the analysis of molecular variance (AMOVA) using ARLEQUIN 3.5. Multilocus association in each population was tested using the software LIAN3.0. The test evaluates the null hypothesis of linkage equilibrium among loci by calculating the standardized index of association I~A~. All population genetic parameters were estimated with clonal uncorrected data. Principal component analysis (PCA) was performed with GENALEX 6.5 to produce map depicting the distribution of genetic diversity across geographic space. Genetic distances between isolates was calculated using GENALEX6.5 and the phylogenetic trees of the 534 isolates and 49 genotypes were reconstructed by a neighbor joining approach using MEGA5 and MST goldsoftware programme as described by Salipante and Hall[@b51], respectively.
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![Map of Fujian province showing the locations of the eight populations of *P. infestans*. Adobe Illustrator Artwork 17.0 software was used to create the map.](srep10094-f1){#f1}

![Geographic distribution of the main multilocus genotypes in the *P. infestans* populations from Fujian, China.](srep10094-f2){#f2}

![Phylogenetic tree of the 49 *P. infestans* genotypes reconstructed by Minimum spanning using SSR data. The digits in the edges represent percentage bootstrap values obtained after 500 iterations. A solid bold edge indicates a bootstrap value over 90%; solid line indicates a value over 70% and a dotted line indicates a value below 70%. The mean bootstrap percent is 39 ± 4.5.](srep10094-f3){#f3}

![Principal component analysis (PCA) of the *P. infestans* populations from Fujian by a non-hierarchical Bayesian cluster using eight SSR markers. Three clusters were revealed from the analysis with 3 (LH, QK and XPII), 3 (LY, ZZ and FZ) and 2 (XPI and CL) populations in Cluster A, B and C, respectively.](srep10094-f4){#f4}

![Neighbor joining tree showing the phylogenetic relatedness among the 543 *P. infestans* isolates sampled from Fujian, China. Nei's genetic distance was calculated using GENALEX 6.5 and the phylogenetic tree was reconstructed in Mega 5.](srep10094-f5){#f5}

![Correlation between geographic distance and the extent of gene flow in the *P. infestans* populations from Fujian, China.](srep10094-f6){#f6}

###### Genetic diversity parameters of the eight *P. infestans* populations and each Cluster.

  **Population/cluster**    **Abbreviation**  **Year**   **N**   ***Na***   **M**   **R**   ***He***   ***I***~**A**~^**S**^
  ------------------------ ------------------ ---------- ------- ---------- ------- ------- ---------- ------------------------------------
  Longhai                          LH         2012       45      2.4        6       0.11    0.37       0.06[\*\*](#t1-fn1){ref-type="fn"}
  Qingkou                          QK         2012       75      1.9        2       0.01    0.4        *\--*
  Xiapu-II                        XPII        2012       127     2.6        12      0.09    0.39       0.41[\*\*](#t1-fn1){ref-type="fn"}
  Longyan                          LY         2012       101     2.3        7       0.06    0.4        0.08[\*\*](#t1-fn1){ref-type="fn"}
  Fuzhou                           FZ         2010       38      2.5        11      0.27    0.45       0.10[\*\*](#t1-fn1){ref-type="fn"}
  Zhangzhou                        ZZ         2010       30      2.4        10      0.31    0.46       0.20[\*\*](#t1-fn1){ref-type="fn"}
  Changle                          CL         2010       22      2.1        6       0.24    0.42       0.03
  Xiapu-I                         XPI         2011       96      2.1        5       0.04    0.46       0.07[\*\*](#t1-fn1){ref-type="fn"}
  Cluster A                                              247     3          16      0.06    0.39       0.03[\*\*](#t1-fn1){ref-type="fn"}
  Cluster B                                              169     3.1        26      0.15    0.43       0.09[\*\*](#t1-fn1){ref-type="fn"}
  Cluster C                                              118     2.3        9       0.07    0.46       0.08^\*\*^

^\*\*:^Significance at P \<0.001; Sample size (N), average number of alleles detected (*N*~*a*~), number of multilocus genotype (M), genotypic richness (R), expected heterozygousity (*H*~*e*~) and index of multilocus association (*I*~A~^S^).

###### Allelic Frequencies of eight microsatellite loci in the eight populations of *P. infestans* sampled from Fujian, China.

  **Locus**   **Allele**   **LH**   **QK**   **XPII**   **LY**   **FZ**   **ZZ**   **XPI**   **CL**   **Χ**^**2**^**-test**
  ----------- ------------ -------- -------- ---------- -------- -------- -------- --------- -------- --------------------------------------
  G11         154          0.000    0.000    0.000      0.000    0.026    0.000    0.000     0.000    1076.8[\*\*](#t2-fn2){ref-type="fn"}
              156          0.011    0.000    0.000      0.500    0.447    0.500    0.500     0.523     
              158          0.011    0.000    0.008      0.500    0.526    0.500    0.500     0.477     
              160          0.489    0.500    0.496      0.000    0.000    0.000    0.000     0.000     
              162          0.489    0.500    0.496      0.000    0.000    0.000    0.000     0.000     
  PI02        154          0.000    0.000    0.000      0.243    0.000    0.433    0.000     0.000    369.8[\*\*](#t2-fn2){ref-type="fn"}
              160          0.000    0.000    0.106      0.094    0.026    0.017    0.000     0.000     
              162          0.500    0.500    0.500      0.500    0.513    0.500    0.500     0.500     
              164          0.500    0.500    0.394      0.163    0.461    0.050    0.500     0.500     
  PI04        166          0.000    0.000    0.000      0.000    0.013    0.000    0.000     0.000    39.3[\*](#t2-fn1){ref-type="fn"}
              168          0.500    0.500    0.500      0.500    0.487    0.500    0.500     0.500     
              170          0.000    0.000    0.000      0.000    0.026    0.000    0.000     0.000     
              172          0.500    0.500    0.500      0.500    0.474    0.500    0.500     0.500     
  PI16        172          0.000    0.000    0.000      0.000    0.039    0.000    0.000     0.045    376.1[\*\*](#t2-fn2){ref-type="fn"}
              174          0.211    0.500    0.441      0.158    0.355    0.400    0.500     0.432     
              176          0.789    0.500    0.551      0.658    0.605    0.600    0.500     0.523     
              178          0.000    0.000    0.004      0.000    0.000    0.000    0.000     0.000     
              180          0.000    0.000    0.004      0.183    0.000    0.000    0.000     0.000     
  PI33        203          1.000    1.000    0.996      0.975    1.000    0.933    0.536     0.500    387.6[\*\*](#t2-fn2){ref-type="fn"}
              206          0.000    0.000    0.004      0.025    0.000    0.067    0.464     0.500     
  PI56        173          0.500    0.500    0.484      0.500    0.513    0.433    0.068     0.045    146.5[\*\*](#t2-fn2){ref-type="fn"}
              175          0.500    0.500    0.512      0.500    0.487    0.567    0.932     0.955     
              183          0.000    0.000    0.004      0.000    0.000    0.000    0.000     0.000     
  PI89        175          0.011    0.093    0.000      0.000    0.000    0.000    0.000     0.000    388.2[\*\*](#t2-fn2){ref-type="fn"}
              177          0.956    0.907    0.996      0.500    0.526    0.550    0.500     0.500     
              179          0.033    0.000    0.004      0.500    0.474    0.450    0.500     0.500     
  PI4B        207          0.500    0.500    0.508      0.000    0.000    0.050    0.484     0.523    1249.0[\*\*](#t2-fn2){ref-type="fn"}
              213          0.000    0.000    0.000      0.000    0.487    0.000    0.000     0.000     
              215          0.489    0.500    0.492      1.000    0.513    0.900    0.031     0.000     
              219          0.011    0.000    0.000      0.000    0.000    0.050    0.484     0.477     

^\*^Significance at *P *\< 0.01.

^\*\*^Significance at *P *\< 0.001.

###### Mating type frequencies in the eight field populations and three Bayesian clusters o*f P. infestans* from Fujian, China

  **Population/cluster**   **A1**   **A2**   **Self-fertile**   **Sample size**   **Χ**^**2**^ **-test**
  ------------------------ -------- -------- ------------------ ----------------- ------------------------------------
  LH                       0.00     0.00     1.00               45                425.64[\*](#t3-fn1){ref-type="fn"}
  QK                       0.00     0.00     1.00               75                 
  XPII                     0.00     0.00     1.00               127                
  LY                       0.49     0.00     0.51               101                
  FZ                       0.00     0.00     1.00               38                 
  ZZ                       1.00     0.00     0.00               30                 
  CL                       1.00     0.00     0.00               22                 
  XPI                      1.00     0.00     0.00               96                 
  Cluster A                0.00     0.00     1.00               247               353.30[\*](#t3-fn1){ref-type="fn"}
  Cluster B                0.47     0.00     0.53               169                
  Cluster C                1.00     0.00     0.00               118                
  Total                    0.39     0.00     0.61               534                

^\*^Significance at *p *\< 0.001.

###### Pairwise comparison of population differentiation (*F* ~ST~) among the eight populations of *P. infestans* from Fujian, China.

  **Population**   **LH**                                **ZZ**                                **XPII**                              **XPI**                               **LY**                                **QK**                                **CL**
  ---------------- ------------------------------------- ------------------------------------- ------------------------------------- ------------------------------------- ------------------------------------- ------------------------------------- -------------------------------------
  ZZ               0.255[\*\*](#t4-fn2){ref-type="fn"}                                                                                                                                                                                                  
  XPII             0.020[\*](#t4-fn1){ref-type="fn"}     0.247[\*\*](#t4-fn2){ref-type="fn"}                                                                                                                                                            
  XPI              0.288[\*\*](#t4-fn2){ref-type="fn"}   0.228[\*\*](#t4-fn2){ref-type="fn"}   0.289[\*\*](#t4-fn2){ref-type="fn"}                                                                                                                      
  LY               0.253[\*\*](#t4-fn2){ref-type="fn"}   0.025[\*](#t4-fn1){ref-type="fn"}     0.260[\*\*](#t4-fn2){ref-type="fn"}   0.269[\*\*](#t4-fn2){ref-type="fn"}                                                                                
  QK               0.027[\*](#t4-fn1){ref-type="fn"}     0.248[\*\*](#t4-fn2){ref-type="fn"}   0.006                                 0.280[\*\*](#t4-fn2){ref-type="fn"}   0.263[\*\*](#t4-fn2){ref-type="fn"}                                          
  CL               0.310[\*\*](#t4-fn2){ref-type="fn"}   0.246[\*\*](#t4-fn2){ref-type="fn"}   0.307[\*\*](#t4-fn2){ref-type="fn"}   0.001                                 0.288[\*\*](#t4-fn2){ref-type="fn"}   0.301[\*\*](#t4-fn2){ref-type="fn"}    
  FZ               0.222[\*\*](#t4-fn2){ref-type="fn"}   0.098[\*\*](#t4-fn2){ref-type="fn"}   0.229[\*\*](#t4-fn2){ref-type="fn"}   0.198[\*\*](#t4-fn2){ref-type="fn"}   0.095[\*\*](#t4-fn2){ref-type="fn"}   0.221[\*\*](#t4-fn2){ref-type="fn"}   0.212[\*\*](#t4-fn2){ref-type="fn"}

^\*^Significantly larger than zero at *p *= 0.05.

^\*\*^Significantly larger than zero at *p *= 0.01.

###### Analysis of molecular variance (AMOVA) for the eight field populations and three clusters in the *P. infestans* from Fujian, China.

                                       **d.f.**   **SS**    **Variance**   **%**   ***P*****-values**
  ----------------------------------- ---------- --------- -------------- ------- --------------------
           Field populations                                                      
              Among years                 2       347.37        0.47       21.42         0.013
     Among populations within year        5        67.38        0.11       4.45         \<0.001
           Within population             1060     1756.96       1.66       74.12        \<0.001
                 Total                   1067     2171.61       2.24                        
                                                                                  
               Clusters                                                           
             Among clusters               2       382.35        0.54       23.98         0.007
    Among populations within cluster      5        32.3         0.04       1.91         \<0.001
           Within population             1060     1756.96       1.66       74.12        \<0.001
                 Total                   1067     2171.61       2.24                        

[^1]: These authors contributed equally to this work.
